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Extract of Rabdosia amethystoides (Benth) Hara (ERA), a traditional Chinese medicine has antibacterial,
antiviral, anti-tumor, anti-hepatitis and anti-inﬂammatory properties. However, the hepatoprotective
effects and molecular mechanisms of ERA on acute liver injury have not been fully elucidated. This study
aims to investigate the anti-inﬂammatory effect and liver protection of ERA against the acute liver injury
induced by Concanavalin A (Con A) and its underlying molecular mechanisms in mice. Mice received ERA
(50, 100, 150 mg/kg body weight) by gavage before Con A intravenous administration. We found that ERA
pretreatment was able to signiﬁcantly reduce the elevated serum alanine and aspartate aminotransferase
levels and liver necrosis in Con A-induced hepatitis. In addition, ERA treatment signiﬁcantly decreased
the myeloperoxidase, malondialdehyde levels and augmented superoxide dismutase level in the liver
tissue, and also suppressed the secretion of proinﬂammatory cytokines in the serum, compared with Con
A group by enzyme linked immunosorbent assay. Furthermore, we observed that ERA pretreatment can
signiﬁcantly decrease the expression level of Toll-like receptor (TLR) 4 mRNA or protein in liver tissues.
Further results showed that ERA pretreatment was capable of attenuating the activation of the NF-kB
pathway by inhibiting IkBa kinase and p65 phosphorylation in Con A-induced liver injury. Our results
demonstrate that ERA pretreatment has hepatoprotective property against Con A-induced liver injury
through inhibition of inﬂammatory mediators in mice. The beneﬁcial effect of ERA may be mediated by
the downregulation of TLR4 expression and the inhibition of NF-kB activation.
© 2016 Japanese Pharmacological Society. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Liver diseases are still a serious public health problem world-
wide because of signiﬁcant morbidity and mortality. A growing
body of evidence suggests that an immune-mediated mechanism
plays a central role in the development of liver disease, even in
determining its prognosis (1,2). The patient undergoes the pro-
gressive destruction of the hepatic parenchyma and hyper-
gammaglobulinemia, which is characterized by the ﬁltration of
activated T cells in liver (3). The high level of proinﬂammatory.
, szxydh@163.com (H. Duan).
rmacological Society.
. Production and hosting by Elsecytokines such as tumor necrosis factor-a (TNF-a), interferon-g
(IFN-g), and interleukin-6 (IL-6) is induced in liver diseases (4),
including autoimmune hepatitis, acute liver failure and viral, bowel
ischemia and postoperative liver, and sepsis (5). Excessive pro-
duction of proinﬂammatory factors induces inﬂammation and is
associated with the development and aggravation of hepatitis and
with increased morbidity and mortality (6).
Concanavalin A (Con A)-induced speciﬁc liver injury in mice is a
well reliable animal model that closely mimics the pathological
processes and pathogenic mechanisms with viral and autoimmune
hepatitis in human (7). Con A has the ability to activate T cells to
secrete a variety of hepatotoxic cytokines (8,9), i.e., TNF-a, IFN-g
and IL-6, which contribute to the development of hepatocyte
damage (10,11).
Toll-like receptors (TLRs) are widely expressed on multiple he-
patocytes such as Kupffer cells, hepatic stellate cells, hepatocytes,vier B.V. This is an open access article under the CC BY-NC-ND license (http://
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dendritic cells (12), which play critical roles in the liver health (13).
Recent studies indicate that TLR medicated signals have been
involved in almost all liver diseases (14e16), and many therapeutic
agents that abrogate liver injury might transect with the TLR4
signaling pathway (17,18). Furthermore, some studies showed that
TLR4 was critically involved in the pathogenesis of Con A-induced
liver damage (19,20). It had been reported that Con A also upre-
gulated NF-kB expression in liver (21), and there was increasing
evidence shown that Con A-induced liver injury was signiﬁcantly
attenuated via inhibiting NF-kB activation (22,23) Therefore, inhi-
bition of the expression of TLR4 and suppressing the activation of
NF-kB pathway may well represent therapeutic targets for T cell-
mediated hepatitis.
Rabdosia amethystoides (Benth) Hara (usually calledWangzaozi),
belonging to new rabdosia species, is a special traditional Chinese
herbal medicine. Traditionally, the root from R. amethystoides has
been widely used as a medicine for hepatitis and reported to have
antiviral activity, antibacterial, anti-inﬂammation and anti-tumor
due to the presence of triterpenoids, sterols (24,25). Modern
medicines have little to offer for alleviation of hepatic disease and
treatment of liver disorders. It has been only reported that, several
chemical constitutes from the rabdosia species were evaluated for
its possible hepatoprotective activity against chemical induced liver
damage in experimental animals (26). However, the effects of
Extract of R. amethystoides (ERA) in immune-mediated liver injury
and its corresponding mechanisms have not been demonstrated
yet.
In the present study, we investigated the protective effect of ERA
on Con A-induced liver injury, and elucidated potential molecular
mechanisms of ERA in Con A-induced hepatitis.2. Materials and methods
2.1. Reagents
Aspartate transaminase (AST), alanine transaminase (ALT),
myeloperoxidase (MPO), malondialdehyde (MDA), and superoxide
dismutase (SOD) assay kits were purchased fromNanjing Jiancheng
Bioengineering Institute (Nanjing, China). Enzyme linked immu-
nosorbent assay (ELISA) kits for TNF-a, INF-g, and IL-6 were pur-
chased from R&D Systems (Minneapolis, MN, USA). Antibodies
against TLR4, phospho-IkBa, IkBa, phospho-p65 and p65 were
purchased from Cell Signaling Technology (Boston, MA, USA). An
antibody against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was purchased from Bioworld Technology (St. Louis Park,
MN, USA). Con Awas purchased from SigmaeAldrich (St. Louis, MO,
USA).2.2. Preparation of ERA
Good quality root of R. amethystoides (Chinese herbal medicine:
Wangzaozi) was purchased from Suzhou Kangyuan Pharmaceutical
Co., LTD (lot number: 20140925) and dried in the shade and then
ground into ﬁne powder by pulverization. The dried powder was
extracted in 10 volumes of boiled 75% ethanol for twice. The ob-
tained extract was concentrated and passed in chromatographic
column of macroporous adsorptive resins; the columnwas washed
using 50% ethanol. The 50% ethanol suspension was evaporated
under vacuum at 40 C and stored for use (ERA). The yield of the
ERA is about 7.55% weight of R. amethystoides. ERA ﬁngerprinting
was performed using high-performance liquid chromatography-
eultraviolet detector (Supplementary Fig. 1). The two compounds
were used as references as follows: oleanolic acid and ursolic acid.2.3. Animal and experimental design
Male ICR mice (18e22 g body weight) were purchased from
the Laboratory Animal Center of Yangzhou University (Yangzhou,
China). The mice were housed in a controlled room temperature
(23 ± 2 C), humidity (55 ± 5%), and kept with a standard lab-
oratory diet, allowed free access to tap water, and a 12-h light/
dark cycle. All mice received humane care in compliance with the
institutional animal care guidelines approved by the Experi-
mental Animal Ethical Committee of Suzhou University (Suzhou,
China).
Ninetymicewere randomly divided into 6 experimental groups:
(1) vehicle control (2), control þ high dose of ERA (150 mg/kg) (3),
Con A (Con A treated) (4), Con A (Con A treated) þ low dose of ERA
(50 mg/kg) (5), Con A (Con A treated) þ median dose of ERA
(100 mg/kg), and (6) Con A (Con A treated) þ high dose of ERA
(150 mg/kg). ERA (50, 100 or 150 mg/kg) was administered orally
using oral gavages once daily during 7 days and 3 h before Con A
injection. The mice received an intravenous Con A injection at the
dose of 15 mg/ml/kg body weight. Mice were anesthetized lethally
at 2, 8, and 24 h after Con A administration. The blood samples were
collected using a tube and then centrifuged. The separated serum
was used for analysis of hepatic enzymes and cytokines. Liver tissue
was harvested for histochemical analysis, protein and gene
analysis.2.4. Serum biochemical analysis
The blood samples obtained were kept at room temperature for
2 h. Serum was then collected after centrifugation at 1000 g for
15 min. Serum ALT and AST were measured with assay kits ac-
cording to the manufacture's instructions.2.5. Histochemical analysis
The liver tissue on 8 h time point was ﬁxed in 4% buffered
paraformaldehyde for at least 24 h. Sections (4e5 mm thick) on
slides were obtained and stained with hematoxylin and eosin
(H&E) for histological observation.2.6. Measurement of MPO, MDA and SOD
From the liver tissue samples on 8 h time point, the liver tissues
(100 mg) were homogenized. The amounts of MPO, MDA and SOD
were determined according to the manufacture's instructions.2.7. Cytokines analysis by ELISA
Serum TNF-a, INF-g, and IL-6 levels were determined by ELISA
kits according to the manufacture's instructions.2.8. Western blotting analysis
Liver sections were carefully homogenized in ice-cold lysis
buffer (Vazyme Biotech, China). After centrifugation, protein con-
centration was determined by BCA protein assay kit (Beyotime
biotechnology, China) with bovine serum albumin as a standard.
Equal amounts of protein extracts were subjected to SDS-PAGE and
then transferred onto PVDF membranes (Millipore Corporation,
Billerica, MA, USA). Membranes were incubated with primary and
secondary antibodies. Protein bands were visualized by ECL reagent
(Vazyme Biotech, China). The densities of the bands were assessed
and normalized to the GAPDH signals.
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Total RNA was isolated from the homogenate of the liver with
Trizol reagent (Invitrogen, Carlsbad, CA, USA) at 8 h after Con A
stimulated. The cDNA was synthesized with a ﬁrst-strand cDNA
synthesis kit (Vazyme Biotech, Nanjing, China) according to the
manufacturer's instruction. For real-time assays, PCR reactions
were prepared in SYBR Green PCR Master Mix (Bio-Rad, Hercules,
CA, USA). DNA targets were ampliﬁed and analyzed with a Bio-Rad
CFX Manager 3.0 system (Bio-Rad, Hercules, CA, USA). The relative
amount of mRNA in each sample was determined using the DDCT
method. The murine primer sequences are shown as follows:
mTLR4 forward, GTGTGAAATTGAGACAATTGAAAAC; mTLR4
reverse, GTTTCCTGTCAGTACCAAGGTTGA; m18S forward,
TGTGATGCCCTTAGATGTCC and m18S reverse,
TGGGGTTCAACGGGTTAC.
2.10. Statistical analysis
All experimental data were expressed as the means ± standard
error of the means (SEM). Signiﬁcant differences among the
experimental groups were determined by the unpaired Student's t-
test or analysis of variance (ANOVA) followed by the Bonferroni's
test. Differences were considered signiﬁcant with a P value of less
than 0.05.
3. Results
3.1. ERA decreased levels of AST and ALT after Con A challenge
The severity of Con A-induced liver injury was determined
through serum AST and ALT level and histological ﬁndings. Serum
levels of AST and ALT drastically increased in response to Con AFig. 1. ERA pretreatment attenuated liver damage followed by Con A administration. The m
days before Con A injection. After each time points of Con A administration, serum was col
points post-Con A injection in mice. Data were shown as mean ± SEM of three independent einjection in mice and reached the maximal level at 8 h after Con A
injection. As shown in Fig. 1, compared with normal or ERA normal,
transaminase levels at the 8 h time-point drastically increased
(P < 0.01), and pretreatment of mice with 150 mg/kg ERA signiﬁ-
cantly suppressed release of the transaminases ALT and AST into
the plasma of Con A treated mice (P < 0.01). ERA did not signiﬁ-
cantly inﬂuence transaminase in normal control mice (Fig. 1A and
B).
3.2. ERA ameliorated Con A-induced liver injury by histological
examination
In addition, the protective effect of ERA pretreatment was
further conﬁrmed by analysis of histological ﬁndings. As shown in
Fig. 2, Con A-treated mice was examined microscopically and
exhibited inﬂammatory inﬁltration around the central veins and
large areas of necrosis within the liver lobules. This histopathologic
liver damage correlated with the elevated serum levels of the liver
enzymes in Fig. 1. However, ERA pretreatment (50, 100 or 150 mg/
kg) dramatically attenuated liver necrosis in a dose-dependent
manner (Fig. 2). These results demonstrated that ERA inhibited
Con A-induced liver cell death in mice.
3.3. ERA pretreatment reduces MPO, MDA levels and augments SOD
level in liver
MPO level was known as an indirect indicator for the recruit-
ment of neutrophils to the infected organs. The biochemical anal-
ysis results showed that MPOwas signiﬁcantly increased in the Con
A-treated mice. ERA pretreatment (50, 100 or 150 mg/kg) dramat-
ically decreased the MPO level in a dose-dependent manner
(Fig. 3A). The extent of lipid peroxidation was showed by mea-
surement of liver MDA level for each treatment group. ERAice (5 mice each group) were pretreated with ERA (150 mg/kg) or PBS once a day for 7
lected by heart puncture. (A and B) ERA reduced levels of AST and ALT at various time
xperiments, ##P < 0.01 vs. normal or ERA normal, **P < 0.01 vs. Con A-injected control.
Fig. 2. Representative microscopic appearances of histopathological changes of mice in every group. The mice (6 mice each group) were pretreated with ERA (50, 100, or 150 mg/kg)
or PBS once a day for 7 days before Con A injection. After 8 h of Con A administration, liver tissues were collected for analysis. (AeF) Photomicrographs of representative livers
obtained 8 h post-Con A injection with H&E staining were shown (original magniﬁcation 100). Saline-injected control animals only received PBS or ERA, and Con A-induced
groups pretreated with PBS or ERA.
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the Con A treated mice (Fig. 3B). The SOD level in the Con A treated
mice was signiﬁcantly decreased compared with that of normal
mice. The SOD level in the ERA pretreated mice was further
increased in a dose-dependent manner compared with that of only
Con A-treated mice (Fig. 3C).
3.4. ERA pretreatment inhibited the release of inﬂammatory
cytokines in serum
Inﬂammatory cytokines play a key role in Con A-induced hep-
atitis. As shown in Fig. 4, the serum levels of TNF-a, INF-g, and IL-6Fig. 3. Effect of ERA on tissue MPO, MDA and SOD levels in mice after Con A challenge. The m
day for 7 days before Con A injection. After 8 h of Con A administration, liver tissues were co
as mean ± SEM of three independent experiments, ##P < 0.01 vs. control; **P < 0.01 vs. Cowere remarkably increased in response to Con A injection at time
point of 8 h. Pretreatment with ERA (50, 100 or 150 mg/kg)
signiﬁcantly reduced levels of TNF-a, INF-g, and IL-6 in a dose-
dependent manner compared to Con A group. Thus, the preven-
tion by ERA of Con A-induced liver injury was also associated with
the inhibition of proinﬂammatory cytokine release.
3.5. ERA pretreatment suppressed TLR4 mRNA and protein levels in
Con A-induced liver injury
TLR4 mRNA expression in the liver tissue was tested by real-
time quantitative reverse transcriptase polymerase chain reactionice (6 mice each group) were pretreated with ERA (50, 100, or 150 mg/kg) or PBS once a
llected for analysis. (A) MPO level. (B) MDA level. (C) SOD level. The results were shown
n A-treated mice.
Fig. 4. Effect of ERA on serum levels of cytokine in Con A-induced liver injury. The mice (6 mice each group) were pretreated with ERA (50, 100, or 150 mg/kg) or PBS once a day for
7 days before Con A injection. After 8 h of Con A administration, serum was collected by heart puncture. (AeC) The concentrations of TNF-a, IFN-g and IL-6 were detected by using
ELISA kits according to the manufacturer's instructions. Data were shown as mean ± SEM of three independent experiments, ##P < 0.01 vs. normal group, **P < 0.01 vs. Con A group.
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decreased in a dose-dependent manner by ERA pretreated
compared with Con A group. Similarly, we also investigated intra-
hepatic TLR4 protein expression at 8 h after Con A injection.
Intrahepatic TLR4 protein levels signiﬁcantly increased upon Con A
injection at 8 h, and reduced by ERA pretreated compared with Con
A group (Fig. 5B).
3.6. ERA inhibited NF-kB pathway in Con A-induced liver injury
The transcription factor NF-kB, which is associated with in-
ﬂammatory response, plays an important role in Con A-induced
liver injury. Therefore, we wondered whether the effect of ERA on
cytokine might be due to its inﬂuence on NF-kB activation in vivo.
As observed in Fig. 6, Con A challenge at time point of 8 h induced
IkBa phosphorylation with IkBa degradation in liver tissue, but
these alterations were reversed by treatment with ERA.Fig. 5. The effect of ERA pretreatment on TLR4 mRNA and protein expression. At 8 h after C
mRNA were determined by qRT-PCR. TLR4 mRNA levels were normalized with GAPDH exp
with GAPDH as an internal control. Data were shown as mean ± SEM of three independenFurthermore, we found that the level of phosphorylation of p65
was remarkably increased in response to Con A injection at time
point of 8 h and ERA pretreatment signiﬁcantly suppressed p65
phosphorylation compared with Con A group.
4. Discussion
R. amethystoides is a traditional herbal medicine that has been
used in Chinese folk for many years. Based upon previous positive
results, we investigated whether ERA has hepatoprotective effect
and its underlying mechanism against Con A-induced acute liver
injury. Our results demonstrated anti-hepatotoxic property of ERA
as evidenced by dose-dependent inhibition of the elevation of
serum AST and ALT levels as well as histopathological ﬁnding
(Figs. 1 and 2).
Oxidative stress is a well-known cause of various hepatic
damages. Recent reports also represented reactive oxygen specieson A challenge, liver tissues (6 mice each group) were harvested. (A) The levels of TLR4
ression in each sample. (B) Hepatic TLR4 protein levels were analyzed by western blot
t experiments, ##P < 0.01 vs. normal group, **P < 0.01 vs. Con A group.
Fig. 6. The effect of ERA pretreatment on NF-kB signaling pathway. At 8 h after Con A challenge, liver tissues (6 mice each group) were harvested. (A) Hepatic NF-kB protein levels
were analyzed by western blot with antibodies against phospho-IkBa, IkBa, phospho-p65, and p65. The GAPDH was used as an internal control. (B) Statistical diagram of phospho-
IkBa, IkBa and phospho-p65. Values were mean ± SEM of three independent experiments, ##P < 0.01 vs. normal group, **P < 0.01 vs. Con A group.
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(27). Therefore, we examined antioxidant effect of ERA in the pre-
sent study. Con A injection induced severe accumulation of MDA
and moderate depletion of SOD in the liver tissue. Our results
showed signiﬁcant reduction of MDA by ERA pretreatment in a
dose-dependent manner, and moderate restoration of SOD (Fig. 3B
and C).
The increased MPO activity is often used as a marker for the
inﬁltration of neutrophils into tissues, and it also indicates the
occurrence of inﬂammation (28). Our results demonstrate that ERA
reduce the increased MPO activity (Fig. 3A) in liver tissue and levels
of inﬂammatory factors in serum (Fig. 4).
Con A has the ability to activate T cells to secrete a variety of
hepatotoxic cytokines (8,9), i.e., TNF-a, IFN-g and IL-6. These cy-
tokines stimulate and activate liver cells which further contribute
to the development of hepatocyte damage through TLRs signal
pathway (10,11). TLRs are a group of receptors that are involved in
innate immunity and inﬂammation. TLRs are involved in liver
ﬁbrosis, caused by many common liver pathogens, such as viral,
parasitic and toxin-induced hepatitis (29). Activation of the TLR4
signal pathway initiates a cascade of events, including translocation
of nuclear factor kappa B (NF-kB) p65 to the nucleus (Fig. 6), leading
to more production and release of inﬂammatory cytokines (TNF-a,
INF-g, and IL-6) (Fig. 4). Due to its strong reduction of TLR4
expression (Fig. 5) and inhibition of NF-kB signaling pathway, we
demonstrate that ERA exhibits anti-inﬂammatory activity. Our re-
sults clearly illustrated that ERA inhibited inﬂammatory cytokines
production which is involved in TLR4-NF-kB signaling. This anti-
inﬂammatory effect may be responsible for the hepatoprotective
effect of ERA.
In Supplementary Fig. 1, oleanolic acid and ursolic acid tri-
terpenoid compounds are checked out in ERA. Oleanolic acid and
ursolic acid are well known about their hepatoprotective effects
for both acute chemically induced liver injury and chronic liver
ﬁbrosis and cirrhosis (30). They are still used alone or in com-
bination with other hepatoprotective components as oral drugs.
The protection of these triterpenes on the liver injury could
attribute to their anti-inﬂammatory and anti-oxidant activities,
and their effects on drug metabolic enzymes. Oleanolic acid and
ursolic acid are believed to be the main active constituents in
ERA.
Taken together, our results demonstrate that ERA attenuates
Con A-induced hepatitis in mice. The hepatoprotective effect of ERA
is due to inhibition oxidative stress and the release of inﬂammatory
mediators including TNF-a, INF-g, and IL-6. In addition, the sup-
pressant effects are associated with the inhibition of TLR4 expres-
sion and NF-kB pathway. These ﬁndings suggest that ERA may have
convincing therapeutic potentials in treating patients with
immune-mediated hepatic diseases.Conﬂict of interest
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